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Effect of bow ice plow on ice load acting on trailing suction hopper dredger
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Abstract: To improve the structural safety and ice-resistance performance of trailing suction hopper dredgers
during navigation and operation in ice-covered waters, a finite element numerical model of ice-ship interaction is
established to address the problem of bow damage under fragmented ice impact. Based on the cellular automata
technique, a digital model of fragmented ice field that conforms to the power function distribution characteristics
is constructed, and the S-ALE algorithm is employed to simulate the coupled interaction among the ship hull,
fragmented ice, and surrounding water. Using the LS-DYNA platform, the effects of different ice plow
thicknesses on the stress characteristics of the bow are calculated to investigate the role of the ice plow structure
in dispersing ice loads and reducing collision stress. The results show that after installing an ice plow, the
maximum collision stress at the bow of the ship can be reduced from 308 MPa to 206 MPa, and the peak stress
can be reduced by 33. 1%, meeting the safety requirements of ICE3 ice-class navigation and effectively avoiding
structural yielding. The study quantitatively reveals the relationship between ice plow thickness and ice-resistance
performance, and proposes an engineering applicable design scheme for strengthening the bow structure. This
provides theoretical basis and technical guidance for the ice-resistance safety design and ice-class retrofitting of
dredgers operating in ice regions.

Keywords: ice load; trailing suction hopper dredger; ice-class structural strengthen; ice plow; numerical simulation

ot e T s 11 s Y TR B R R ST Z o O3 TR W 5 T A
RO AZ VR ATAEDUE BT R | 7 b T B 1 R, ARZ RNt e T [ AL T5 = A PR 4G vk i

W EE . 2025-07-30 FHABHE. 2025-10-29
EB®E M. FHE(1963—), B, —B/¥d, AFHMEFIRE L,



12 - K iz L A2

2026

(AN LRV AU S ) HE AT & R AR,
SR, TERRUKIXTAT IS, B4 DK B 0RO i & I Al
I BB 1) Jo 1 1 o 2 o o e SR Al s Sy e b | R
BRI 7 BHESESZ B, S AR AA A 454 2 2 S AR
FaEME . B, BRI A2 e AR TE R VK X Y BT
UKVERE R H a5 it, BA W TR
B,

HHET, BN T AT K ES A FIE- UK BA
FBIWTFR AR, 5522 RS Hr S FE X
FE SR T AIDGRES S8BT . Lubbad 55!
HENT T E-UKREE AT BROTAR RS, IR0 b T UK RE
A Jordaan! B 45 T AU AR AR Y UK 2K A 42 56
AR Daley 45 th G 3 VK BL LA TR W] A 5
JRIER N J1 AR 25% LA |5 Jenssen 55— K
T VK-l A B A AR [ P AR AR AR
TRGRAE o3 ST T VK-F AR ELAE A B (A Uy
12 55 R R L R e O REAE , F HE A 2 Y SRy ER I R AR
AT 0 37K A B A BT ok B 5T B
TR, (R AT X ICE3 45 24 vk M A ( A vk
JE<10 em) WS BEHIFFEA AR AR, JoH 2
R A7 JE MR TE 32 0K XA ML T BT vk B3 7]
k= R G

TR PR TS B b, R i 9 5 ok >R P 5F
CEREAN I YNE T Y 0K ) BOOK AL A AL, B4
BT, ABTE G0 T A A T A S AR B
JE B R A VR MR TE 25 B 5 1 B T 00 T iz oK ¥l
BRI R R Y 9 ] 32 B rh Tz K
WL, HET I, ASCHR M T — PR e oK
BIZER . VKBV 2T E I, T 2ek
fili Fm, OB 55 52 B Al RE 5 T oK Ay X I, i
BT REREWE 2 UK XPT VKR, AT LAA RURAI
UKELAH ), WX R RS R S [
DRBLR I P A AR 2 7 e 7 50, AT 7R A3 v Pl gt
1B = U L R N il € &5 N N P S T 1
A B R ] defre 5 TR AT

BT ERFBUGTER, ASCLIAL ICE3 UK IX

AT Ao s s T, S BT O A S pLRE
VKRS S-ALE 55 7k Y vK-AAH AT R E AR
B, RGO T AR ok AR AL e X2 T A v
TSR F1 o3 A BT URPEBE AR LA, S i R
UKDKAZ YRR B0 foe e DR B AR R0 07 58 0 R 9T LR
A4 ICE3 U AR el . Jrokiseit L T2k
GRS S LA S

1 ARk 1EFAEEER
1.1 FEFIChE @ sl ksl

T A SR — Bl LA O ] 2 R B s
I8N 12 R B8, 6 — 4R 0 HE A 7 7T M 2 [
RTCHA . BT R & Z R AR, O
REARAR 1 B DA KSR B A — RS, RAFE
AU HA TR TR, X T JC ML A S L
WE I R G a5 M R Re . Mgt A o)
PR e s s T AR, oA 1y i B 2%
EAr 2 HME, @ F UL, ToH A SiPLaT LIgsr Jy 4
HKAL, SRR A IRIEAVRI A e X
SRRV T JC ML A SHLLE I (R 48 B AT R
fiF o AR — i B[] 023 18] 35 O B iB0 3h 45 R 4%,
T A SR B H 1 2 e P R LA s [R] v (1 B
BLA T, X E T A S LIRS FE 45 ) 1 2
£ W WO R TR SY (VS R L E AT 0 € 5| 2 NS oS
FivREE T A B Sl B RE A AST P RIME 53 45 il 2 44 11
WEMRGE"Y

ENSTE ST (N ERTIE IR AE U O R S
AT,
1.1.1 VB A A ICH R

Rz, EEE LT TR SR, R
P ELARREE TRk, T I E AR RIRES; AR5,
W FEAN T AE BB e 1) 25 T AR A L B S 4T )
AR IEAT BT, a0 e R, ) P A A A
FoROIE, RO, 1 FRMEE, K BEUE
WAL, Tt VB AR, T DL b S X —
AR, Ik TC MR A AT i S A AT AL, fi

2



%24 WA, . AR OR AL 3T e AR A ok BT 8 A AT R <13

VB B TT M I S D AN T B EL
2, BERSIRD TR AR BIMER RO 45 2R, DI,
ASCHFE T 7 R TTHE A Sh L, AR A
Jl—dl[g] 10

‘@ﬁiﬁ}abBW$&wzﬁ WRT

1 VB HlAEMZ T B FRE
Fig.1 Flow for constructing cellular automata
using VB Script method

R 2F 344 iY Grasshopper {44531 VB J)
AVEAL R TCH A SR F L ZH AR LA 2

Bipcs VB Adi
Eemw g b il

B2 VB HIARZEMZETHE AV EBARRE
Fig. 2 Flow for constructing a battery pack for
cellular automata using VB Script method

N T Wi ke 22 kAT S BUR AL, W R
VB A, AT IME RAERIIIRS T IAS T2
BRI TC ML, DT FT B LU, sl e ] BE &
AR IR X SEE S UM AR N R I 3 BT
AN A

3 A VBHEAZERTHASHE
Fig. 3 Generating a cellular point distribution map
using VB Script method

1.1.2  FIFZ AR 2 00 G iR ok S A A Y

BRZ NI SE— R LT NI 43 J7 vk, @it
ESEAT AT 5 Y T BOF R R S 2
AT 28 2% 22 08 % B Je i B B LA B BE
BT AT, DAL pRAR Y

%SRBI A B JC M SUBCR B 2 B A AR
SN ZHERE VKRR A3 AR, R, A AR T
MG, B AN i A, D3RSI A
HABATH S, o G Wk o B e 4 SR
J5, MR Z DI R5, FF5I ALK
B, X053 0 R #EAT 40, 15 3 4R i vkt
B, RS LA 4,

HATEHL

FEHLI UM A%

AL
I T—

B4 ZHEREVRARIEEERE
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Fig.5 Flow for construction and optimization of three-dimensional ice fragmentation model
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Fig. 6 Geometric model of fragmented ice
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Fig.7 Finite element model of fragmented ice
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Fig. 9 Installation position and specific model of ice plow
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Tab.1 Structural dimensions of ice plow
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Fig. 11 Force on ice plow
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Tab.2 Force on bow with 20 mm thickness ice plow
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Tab.3 Force on bow with different ice plow thicknesses
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Tab.4 Force on ice plows with different thicknesses
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30 83.0 253
40 75.7 234
50 69.6 228
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Fig. 14 Influence on side stress with ice plow
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Tab.5 Forces on side of ship with or without ice plow
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